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Proteinuria in Apparently Healthy Elderly Dogs: Persistency and
Comparison Between Free Catch and Cystocentesis Urine
S.J.J. Marynissen, A.L. Willems, D. Paepe, P.M.Y. Smets, P. Picavet, L. Duchateau, and S. Daminet
Background: Up to 25% of elderly humans have proteinuria, often associated with underlying lesions. Data concerning
the presence of proteinuria in elderly dogs is scarce.
Objectives: To describe the presence and persistence of proteinuria and to compare urinary protein : creatinine ratio
(UPC) between free catch and cystocentesis urine samples in apparently healthy elderly dogs.
Animals: Hundred apparently healthy elderly dogs.
Methods: Prospective study. Owners of 100 elderly dogs were asked to collect 2 free catch urine samples. Dogs were
considered healthy based on owner’s perception and an age chart, based on ideal bodyweight, was used to deﬁne dogs as
senior or geriatric. UPC of urine collected by free catch and cystocentesis were compared. Overt proteinuria and borderline
proteinuria were deﬁned as UPC >0.5 and between 0.2 and 0.5, respectively, if examination of sediment did not explain
proteinuria. Proteinuria was considered persistent if present at both sampling times.
Results: At baseline, 71 owners succeeded in collecting urine. Eleven percent of dogs had overt proteinuria, 14% were border-
line proteinuric, and 75% nonproteinuric. Thirty-seven repeated urine samples, with a median time interval of 31 days (range 10–
90), were available. Nineteen percent of dogs had a persistently increased UPC (>0.2), with persistent overt proteinuria present in
8%. A strong correlation (q = 0.88) was found between UPC of urine collected by free catch and cystocentesis.
Conclusions and Clinical Importance: As 19% of study dogs had persistent proteinuria, our ﬁndings emphasize that mea-
surement of proteinuria should be part of geriatric health screening. For UPC in dogs, free catch urine provides a good alter-
native to cystocentesis.
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L ife expectancy of dogs and cats is increasing, andsenior pets represent 30–40% of patients in veteri-
nary practice.1 Aging pets and their associated health
concerns, together with an increasing demand for higher
standard of care by owners, favor routine health screen-
ing in this population.1,2 The goal of health screening is
to detect subclinical abnormalities at a time when thera-
peutic intervention might have most beneﬁt.1
Aging in humans evokes structural and functional
renal alterations.3 Renal structural changes occur in
clinically healthy geriatric beagle dogs.4 Proteinuria,
that aﬀects up to 25% of elderly humans, is often asso-
ciated with an underlying disease such as systemic
hypertension, chronic kidney disease (CKD), diabetes
mellitus, amyloidosis, or multiple myeloma. Proteinuria
is not considered a physiologic age-related change in
human medicine.5,6 Twenty-ﬁve percent of middle-aged
to old, apparently healthy cats have borderline
proteinuria.7 Data concerning incidence of proteinuria
in elderly dogs are limited to studies assessing microal-
buminuria in aging dogs.8,9
A distinction between prerenal (abnormal plasma
content of proteins), renal, and postrenal (entry of pro-
tein into the urine after it enters the renal pelvis) causes
of proteinuria is made and between functional (tran-
sient) and abnormal renal proteinuria.10 Besides local-
ization of proteinuria, its persistence is important as
only persistent renal proteinuria indicates the presence
of ongoing renal dysfunction. Indeed, the American
College of Veterinary Internal Medicine (ACVIM) con-
sensus statement advises repeated measurements of uri-
nary protein : creatinine ratio (UPC).10 In cases with
persistent renal proteinuria, further monitoring, diag-
nostic workup, and therapeutic intervention are
advised.10,11 Persistent proteinuria is associated with
increased risk of death and progression of CKD in
humans.12 Similarly, persistent overt proteinuria in cats
and dogs with CKD is associated with an increased risk
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of developing uremic crisis and death.13,14 According to
the 2005 ACVIM consensus statement and the Interna-
tional Renal Interest Society (IRIS) guidelines, the deci-
sion threshold for UPC in cases with persistent
proteinuria is 0.5 in dogs and 0.4 in cats.10,11 There is a
distinction between borderline (dogs: UPC 0.2–0.5; cats:
UPC 0.2–0.4) and overt proteinuria (dogs: UPC >0.5;
cats: >0.4).10,11,15 Borderline proteinuria is a negative
prognostic factor in cats with CKD.16 The clinical
importance of borderline proteinuria in dogs still needs
to be elucidated. In the authors’ and others’ experience,
cystocentesis samples are mentioned to be more reliable
for UPC measurement, but this is not well
documented.17 However, because of possible drawbacks
such as appropriate immobilization of dog and localiza-
tion of bladder, risk for laceration, hematuria, or owner
noncompliance, cystocentesis is often not performed in
clinical practice. Collecting urine by free catch has a
minimal inﬂuence on UPC, in both dogs and cats.17,18
This could promote the performance of urinalysis in
clinical practice and can encourage practitioners to add
urinalysis to routine health screening of elderly dogs.
Hence, this study’s major aim was to describe the
presence and persistence of borderline or overt renal
proteinuria in a population of elderly dogs that were
apparently healthy according to their owners. An addi-
tional aim was to compare results of UPC between free
catch and cystocentesis urine samples.
Materials and Methods
Animals
This prospective study was performed at the Faculty of Veteri-
nary Medicine, Ghent University. Participating dogs were recruited
for a study evaluating extensive health screening in 100 senior and
geriatric dogs, declared healthy based on owners’ perception.a
Using their ideal bodyweight, dogs were selected based on the “Age
Analogy Chart” by Fortney and Goldston (0 to <10 kg: from
8 years; 10 to <25 kg: from 7 years; 25 to <50 kg: from 6 years;
and >50 kg: from 4 years). The distinction between senior and geri-
atric was also based on this chart.1 Exclusion criteria were use of
medication within 2 months before consultation and during the
study period. Preventive medication (such as vaccination or
deworming) was allowed until 2 weeks before consultation.
The health screening consisted of a comprehensive history,
blood pressure measurement, physical examination including neu-
rological, ophthalmological, and orthopedic examination, complete
blood examination, and urinalysis. In all cases, all of these proce-
dures were performed in the same order by the same author (AW)
without sedation or anesthesia. Blood pressure measurement was
performed, before other examinations, at a single time point by
indirect Doppler ultrasonographyb according to the ACVIM
guidelines.19 Systolic hypertension was deﬁned as a systolic blood
pressure (SBP) >160 mmHg.19 Blood examination (complete blood
count, serum biochemistry proﬁle, and serum total thyroxine) and
urinalysis on a sample obtained by ultrasound-guided cystocentesis
were performed after completing an extensive physical examina-
tion. For the results of the health screening, the reader is referred
to Willems et al.a This study was carried out in strict accordance
with the recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The pro-
tocol was approved by the local and national ethical committees
(EC 2012/181). All owners were informed about the study and
gave their written informed consent.
Sampling Methods
Owners of dogs participating to the health screening study were
asked to collect 2 free catch urine samples from their dog: one on
the morning of the health screening consultation and a second
morning sample after a time interval of approximately 2 weeks.
The owners were instructed to use clean (not sterile) containers
and to attempt to minimize contact of the caught urine with the
animal’s body. If sediment analysis was not possible within
60 minutes, owners were asked to store the urine in a cool envi-
ronment (preferably at 4°C).
As part of the health screening study, ultrasound-guided cysto-
centesis was performed (10 mL, 22 G needle) at baseline. During
this procedure, the urinary bladder was examined for the presence
of urolithiasis.
Urinalysis
Urinalysis of urine samples collected by cystocentesis consisted
of measurement of urine speciﬁc gravity (USG) with a manual
refractometer; UPCc; urinary pHd; urinary dipstick teste; sediment
analysis; and bacterial culturef. Urinalysis of free catch urine con-
sisted of measurement of UPC and sediment analysis.
Sediment of cystocentesis samples was prepared and examined
within 30–60 minutes after collection, by centrifuging 5 mL of
urine in a conical-tipped tube for 3 minutes at 447 9 g, followed
by removal of 4 mL of the supernatant. The sediment was resus-
pended by ﬂicking the tube several times.20 One unstained drop of
the resuspended sediment was microscopically examined (409
magniﬁcation) to count the mean number of RBCs, WBCs, and
epithelial cells per high-power ﬁeld (HPF), as previously
described.20,21 Bacteriuria, spermaturia, and lipiduria were noted,
and casts and crystals were evaluated according to a semiquantita-
tive scale (absent, mild [1/HPF], moderate [1–3/HPF], or severe
[≥3/HPF]).21 Sediments were classiﬁed as active on the basis of the
presence of one or more of the following ﬁndings: bacteriuria, a
moderate number of casts, and >5 RBCs, WBCs, or epithelial
cells/hpf. Samples with none of these ﬁndings were classiﬁed as
inactive.21 Sediment of free catch urine samples was similarly pre-
pared and examined, preferably within 60 minutes after collection.
Otherwise, these samples were stored at a cool environment until
analysis.
The dogs were considered nonproteinuric when their UPC was
<0.2. Borderline proteinuria and overt proteinuria were deﬁned as
UPC between 0.2 and 0.5 and UPC >0.5, respectively, if urine sed-
iment was categorized as inactive.10 Cases with borderline protein-
uria or overt proteinuria were included for further statistical
analysis, only if sediment did not explain proteinuria. Persistence
of borderline or overt proteinuria was evaluated using a second
urine sample after 2 weeks.
Statistics
Analyses were performed with SAS.g Level of signiﬁcance was
set at 5% (P < .05). Persistence of borderline proteinuria or overt
proteinuria was calculated with a frequency procedure. To assess
the correlation between UPC of urine collected by free catch ver-
sus cystocentesis, the nonparametric spearman correlation coeﬃ-
cient (q) was used. The Wilcoxon signed rank-sum test was used
to compare the UPC of urine collected by free catch versus cysto-
centesis at baseline. Further, the Bland–Altman method was used
to assess the level of agreement between the 2 sampling methods.
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Results
Animals
Initial urine samples collected by cystocentesis were
available in 97 dogs and free catch urine samples were
available in 71 dogs. Owners of the remaining 29 dogs
did not manage to collect free catch urine, with dogs
not being cooperative as the main reason. Of the 71
included dogs, 27 were senior and 44 geriatric, based on
the “Age Analogy Chart”.1 Thirty-seven dogs were
female (8 intact, 29 neutered), and 34 were male (22
intact, 12 neutered). When considering the weight
classes, 13 dogs were small breed, 21 medium sized, 27
large breed, and 10 giant breed. The majority (44 of
71, 62%) had an ideal body condition (BCS 4/9–5/9),
3% (2 of 71) were mildly underweight (BCS 3/9), and
35% (25 of 71) were overweight or obese (BCS >5/9)
with 4% (3 of 71) having overt obesity (BCS ≥8/9).22
Forty-six percent (33 of 71) of dogs had an increased
blood pressure, which was moderate (SBP 160–
180 mmHg) in 21% (15/71) and severe (SBP
>180 mmHg) in 25% (18/71). One dog was diagnosed
with hypothyroidism. Five dogs had renal azotemia
based on blood and urine results, and follow-up in 1 dog
conﬁrmed CKD IRIS stage 2 (normotensive, borderline
proteinuria). No follow-up was available in the other 4
azotemic dogs.
In 42 of 71 dogs (60%), a follow-up free catch urine
sample was available within a time interval of 10 days
to 3 months (median time interval 31 days). Of these 42
dogs, 17 were senior and 25 geriatric. Twenty-one dogs
were female (5 intact, 16 neutered), and 21 were male
(15 intact, 6 neutered). There were 7 small breeds, 12
medium-sized dogs, 18 large breeds, and 5 giant breeds.
Fifty-seven percent (24/42) had an ideal BCS at base-
line, and 40% (17/42) had BCS >5/9 with overt obesity
present in 7% (BCS ≥8/9; 3/42). At baseline, 24% (10/
42) and 24% (10/42) had a moderate or severely
increased blood pressure, respectively.
Urinalysis at Baseline
Results of urinalysis at baseline and during follow-up
are summarized in a ﬂowchart (Fig 1). Urine speciﬁc
gravity was measured in 69 of 71 cystocentesis samples
at baseline. Of 2 remaining dogs, no USG was avail-
able. Urine speciﬁc gravity ranged from 1.007 to 1.012
in 8% (6 of 69), from 1.013 to 1.030 in 38% (26 of 69),
and was >1.030 in 54% (37 of 69) of dogs. Forty-eight
percent (33 of 69) had a positive dipstick result, 29%
(20 of 69) showed trace of proteins, and 22% (15 of 69)
had a negative dipstick result. In one remaining dog, no
dipstick analysis was available. Of the positive results,
24% (8 of 33) had a USG ranging from 1.013 to 1.030
and 76% (25 of 33) had a USG >1.030. None of the
samples with USG ranging from 1.007 to 1.012 had a
positive result. In 5 of the 71 free catch urine samples
at baseline, no sediment analysis was available, because
of insuﬃcient sample volume. Macroscopically, these
samples had a bright, light to dark yellow appearance.
Because of the absence of sediment analysis, postrenal
origin of proteinuria could not be assessed; therefore,
these samples were excluded for further statistical analy-
sis. Of the 66 remaining samples, the majority had an
inactive sediment (94%, 62 of 66). Four dogs with an
active sediment (presence of pyuria and bacteriuria, in 1
dog combined with microscopic hematuria) were diag-
nosed with an E. coli cystitis on the cystocentesis sam-
ple. Of those, 2 neutered female dogs were administered
amoxicillin–clavulanic acid (12.5 mg/kg PO q12h)h for
10 days. Examination 14 days later revealed an inactive
sediment without evidence of bacteriuria. One intact
male dog was retested after 14 days and had resolution
of bacteriuria without treatment. In 1 other intact male
dog, the same advice was given, but this dog was lost
to follow-up. Of these 4 dogs with an active sediment at
baseline, 1 was nonproteinuric on both consecutive
samples, 1 had persistent borderline proteinuria despite
showing an inactive sediment at follow-up, 1 had tran-
sient borderline proteinuria, and 1 had overt proteinuria
at baseline but was lost to follow-up. The latter 2 dogs
were excluded for further statistics, because a postrenal
origin for the observed proteinuria could not be
excluded. In one other dog, a urolith was detected while
performing ultrasound-guided cystocentesis, and sedi-
ment analysis revealed calcium-oxalate crystals. The
dog was nonproteinuric at baseline and during follow-
up. The urolith was later removed, and analysis con-
ﬁrmed calcium-oxalate urolithiasis.
After exclusion of dogs without sediment analysis
(n = 5) and the dogs in which postrenal origin of pro-
teinuria was suspected (n = 2), 64 dogs remained. Of
these remaining dogs, 48 (75%) were nonproteinuric, 9
(14%) had borderline proteinuria, and another 7 (11%)
had overt proteinuria (range 0.53–4.56, median 1.0),
which could not be explained by urinary sediment. The
5 dogs with renal azotemia were all nonproteinuric and
normotensive at baseline. The dog with hypothyroidism
showed overt proteinuria (UPC 0.66) at baseline. None
had severe skin inﬂammation, and 12 (23%) dogs had
moderate to severe gingivitis, with associated dental
calculus.a Of these, 9 were nonproteinuric, 1 had bor-
derline, and 2 overt proteinuria. No other underlying
cause for proteinuria in the latter 2 cases was found.
Severe hypertension was present in one.
Urinalysis of Repeated Urine Samples
Of the 42 repeated free catch urine samples, sediment
analysis was available at both time points only in 37 of
dogs. In the other dogs, sediment analysis was not per-
formed because of insuﬃcient sample volume. Hence,
37 paired samples remained for statistical analysis. At
baseline, the majority (34 of 37, 92%) had an inactive
sediment and only 3 dogs (8%) had an active sediment.
At the second time point, similar ﬁndings were present
(inactive 35 of 37 [95%], active 2 of 37 [5%]). The 2
dogs with an active sediment at the second time point
both had moderate bacteriuria, without the presence of
pyuria or hematuria. Urine bacterial culture was not
performed (free catch urine). Both dogs were nonpro-
teinuric at that time point.
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Of these 37 dogs, 27 (73%) were nonproteinuric, 6
(16%) had borderline proteinuria, and 4 (11%) overt
proteinuria at baseline. At the second time point, 25
dogs (68%) were nonproteinuric, 6 (16%) had border-
line proteinuria, and 6 (16%) overt proteinuria, not
explained by sediment analysis. From 3 of 5 dogs with
renal azotemia at baseline, repeated urine samples were
available. The dog later diagnosed with CKD IRIS
stage 2 developed proteinuria (UPC 0.5), and the
remaining 2 remained nonproteinuric. Of the 12 dogs
with moderate to severe gingivitis at baseline, follow-up
data were available in 5. Three remained nonprotein-
uric, 1 switched from no proteinuria to overt protein-
uria, and 1 from overt proteinuria to borderline
proteinuria.
Persistent overt proteinuria was present in 3 of 37
(8%) and persistent borderline proteinuria in 4 of 37
(11%). Of the 3 dogs with persistent overt proteinuria,
2 had a UPC determination between 0.5 and 1.0 and 1
between 1.0 and 2.0. Twenty-four (65%) never had
Fig 1. Flow diagram presenting further classiﬁcation of enrolled dogs.
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proteinuria. Characteristics of the dogs with persistent
borderline or overt proteinuria are presented in Table 1.
Inconsistent results were present in 6 dogs, which could
not be attributed to sediment analysis. One dog had
transient borderline proteinuria, 1 switched from bor-
derline to overt proteinuria, 1 dog switched from overt
to borderline proteinuria, and 3 nonproteinuric dogs at
baseline showed borderline (n = 2) or overt (n = 1, dog
with CKD IRIS stage 2) proteinuria on the consecutive
urine sample. One additional dog had severe persistent
proteinuria (UPC >3.5), but was excluded from statisti-
cal analysis because of missing sediment analysis at time
point 2. One of the dogs with persistent overt protein-
uria (UPC 0.6) was diagnosed with hypothyroidism at
baseline.
Free Catch and Cystocentesis Sample at Baseline
Comparison of UPC from free catch urine samples
(median 0.12, range 0.04–4.56) and cystocentesis urine
samples (median 0.13, range 0.04–3.26) at baseline
revealed a signiﬁcant and strong correlation (q = 0.88)
between the 2 sampling methods. The mean absolute
diﬀerence in UPC between both sampling methods was
0.02, with a standard deviation of 0.22 and a maximal
absolute diﬀerence of 1.3. There was no signiﬁcant dif-
ference between the 2 methods (P = .44). However, the
variability did seem to increase with increasing values
of the UPC, as shown by the Bland–Altman plot
(Fig 2). In 13 of 71 (18%) cases, another ACVIM clas-
siﬁcation would be assigned to the UPC result obtained
by free catch or cystocentesis.
Discussion
Twenty-ﬁve percent of apparently healthy senior and
geriatric dogs had renal proteinuria (14% borderline,
11% overt) at baseline on free catch urine. Eight per-
cent of the dogs with repeated free catch urine samples
had persistent overt renal proteinuria and another 11%
persistent borderline renal proteinuria. Despite the low
numbers of repeated samples available, these ﬁndings
suggest that approximately 1 of 5 apparently healthy
elderly dogs might have a persistently increased UPC.
Our ﬁndings at baseline are lower compared to a previ-
ous study,8 which reports microalbuminuria in spot
urine samples in 36–49% of elderly dogs. This is a con-
sequence of the fact that microalbuminuria is a more
sensitive screening test than the conventional UPC mea-
surement in dogs.
Several methods exist to evaluate whether dogs are
proteinuric. Measuring UPC is among the most com-
monly used methods to quantify and monitor protein-
uria in veterinary medicine. In practice, dipstick test
(common) or sulfosalicylic acid (SSA) turbidimetric test
(les common) is used as a semiquantitative measure of
urinary protein.23 Dipstick analysis provides an easy,
rapid, in-house test, although a previous study only
found moderate speciﬁcity and poor positive predictive
value in dogs.24 If a false-negative dipstick result is sus-
pected, a SSA test or microalbuminuria test can be
employed.23 Microalbuminuria is deﬁned as the pres-
ence of a small amount (1–30 mg/dL) of albumin in the
urine, below the limit of detection of urinary dipstick
tests.23 Microalbuminuria can also remain undetected
by UPC determination.24 Higher urinary albumin con-
centrations (>30 mg/dL) are termed overt albuminuria
and are usually detected by urine dipstick tests or
UPC.23
Prerenal (eg, hemoglobinuria) and postrenal (eg, cys-
titis, prostatitis, urolithiasis, neoplasia) causes of pro-
teinuria were considered unlikely based on the physical
examination, blood examination, ultrasound of the
bladder, and urinalysis (sediment). Therefore, we can
conclude that the observed persistent proteinuria is
likely renal in origin.10 Proteinuria is observed in up to
25% of human geriatric patients and is not considered
a normal age-related decline in renal function.5,6 In only
Table 1. Descriptive characteristics (number, percentage; 95% conﬁdence interval) of dogs with persistent overt
proteinuria and borderline renal proteinuria in repeated free catch urine samples.
Characteristics Total (N = 37) Proteinuric (N = 3) Borderline Proteinuric (N = 4)
Age–class
Senior 16 2 (12.5%; 1.6–38.3%) 1 (6.3%; 0.2–30.2%)
Geriatric 21 1 (4.8%; 0.1–23.8%) 3 (14.3%; 3.1–36.3%)
Breed size
Small 7 0 (0%; 0.0–40.6%) 1 (14.3%; 0.4–57.9%)
Medium 9 2 (22.2%; 2.8–60%) 2 (22.2%; 2.8–60%)
Large 17 0 (0%; 0.0–19.5%) 0 (0%; 0.0–19.5%)
Giant 4 1 (25%; 0.6–80.6%) 1 (25%; 0.6–80.6%)
SBP (mmHg)
<160 13 1 (7.7%; 0.2–36%) 2 (15.4%; 1.9–45.5%)
160–180 16 1 (6.3%; 0.2–30.2%) 1 (6.3%; 0.2–30.2%)
>180 8 1 (12.5%; 0.3–52.7%) 1 (12.5%; 0.3–52.7%)
BCS
≤3/9 1 0 (0%; 0.0–97.5%) 0 (0%; 0.0–97.5%)
4–5/9 21 2 (9.5%; 1.2–30.4%) 2 (9.5%; 1.2–30.4%)
>5/9 15 1 (6.7%; 0.2–32%) 2 (13.3%; 1.7–40.5%)
SBP, systolic blood pressure; BCS, body condition score on a 9-point scale.
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1 of the persistently borderline or overt proteinuric
dogs, an underlying disease, for example, hypothy-
roidism, could be detected based on routine health
screening. In that dog, treatment with L-thyroxinei was
initiated, after the second free catch sample was col-
lected. Hypertension was recorded in the dog at initial
examination. No follow-up of UPC or SBP was avail-
able. Hypothyroidism is associated with decreased Glo-
merular ﬁltration rate (GFR) in dogs25 and both in
humans and rats with mild proteinuria.26 Other diseases
such as CKD, glomerulopathy, diabetes mellitus, or
multiple myeloma, associated with persistent protein-
uria, were not detected in dogs with persistent border-
line or overt proteinuria. In human medicine,
associations between periodontal disease and glomeru-
lonephritis exist.27 Because of the limited sample size,
the eﬀect of gingivitis on proteinuria in dogs could not
be evaluated. In 1 dog, CKD IRIS stage 2 was con-
ﬁrmed. This dog was nonproteinuric at baseline and
developed proteinuria (UPC 0.5) at the second time
point. Of the remaining 4 azotemic dogs, CKD could
not be excluded because of missing follow-up data,
although no polydipsia was present. None of the other
azotemic dogs had proteinuria at initial (n = 4) or fol-
low-up (n = 2) examination.
Hypertension is considered an important cause of
proteinuria in human medicine, and an association with
proteinuria is described in dogs.13,19 Although 44% (7
of 16) of borderline or overt proteinuric dogs at base-
line had a moderate to severe increased blood pressure
(data not shown), increased blood pressure was fre-
quently (45%, 29/64) encountered in the present study
population. The high percentage of hypertension in our
study is in contrast with studies on dogs in general and
on healthy geriatric dogs.28,29 However, comparison
between studies is diﬃcult because various deﬁnitions
for hypertension are used and because dogs with labo-
ratory abnormalities, heart murmur, or obesity were
not excluded in the current study.29 Based on the exam-
inations that are part of general health screening, an
obvious underlying cause for hypertension could not be
deﬁned, except for 1 dog with hypothyroidism. An
inﬂuence of age (and breed) on blood pressure has been
previously suggested, warranting an age-dependent ref-
erence interval.30 Despite precautions taken, white coat
hypertension must be considered as a cause of the
increased blood pressure, because repeated blood pres-
sure measurements, preferably in the house environment
of the dogs, were not performed. A study in 3-year-old
beagles revealed a gradual decrease in SBP and normal-
ization of hypertension in all animals after 4–5 measure-
ments, each on a diﬀerent day.31 This illustrates
importance of stress, but also the fact that an acclimati-
zation period of 5–10 minutes might not be suﬃcient in
dogs.
Obesity is another known risk factor for the develop-
ment of proteinuria and CKD in humans.32 Typical
glomerular changes observed in these patients, called
obesity-related glomerulopathy, are associated with
hemodynamic changes and lipotoxicity.32 Similar
glomerular lesions are described in dogs with experi-
mental-induced obesity.33 In our study population, 41%
(15 of 37) had a BCS compatible with overweight/obe-
sity and a similar percentage (43%; 3 of 7) of dogs with
persistent borderline or overt proteinuria were obese.22
Because of the small sample size, the eﬀect of BCS on
proteinuria in dogs could not be evaluated. A recent
study on 20 overweight/obese dogs and 22 ideal body-
weight control dogs found no eﬀect of obesity on the
level of proteinuria/microalbuminuria, concluding that
clinicopathological abnormalities consistent with obe-
sity-related glomerulopathy are absent.34 However, this
contrasts with the signiﬁcant reduction in proteinuria
seen after weight loss in dogs with naturally occurring
obesity.35 Larger scale studies, including renal biopsies,
are necessary to further assess the eﬀect of canine obe-
sity on proteinuria.
The small number of repeated urine samples makes it
diﬃcult to draw conclusions on the eﬀect of age, breed/
size, and BCS on UPC. To the authors’ knowledge, no
breed or size eﬀect has been previously described, and
further studies are warranted. The eﬀect of sediment
analysis on UPC was not evaluated, because of the low
number of samples with an active sediment (5%, 4 of
71). A previous study already emphasized the impor-
tance to interpret UPC in light of urinary sediment
ﬁndings.21
The majority (84%, 31 of 37) of dogs remained in the
same UPC category on both consecutive samples. In
none of the cases, overt proteinuria normalized. In 1
case, transient borderline proteinuria was present; in
another, overt proteinuria switched to borderline pro-
teinuria. In 4 cases (10%), dogs switched to a higher
classiﬁcation on the consecutive sample, not explained
by the sediment. There is daily variation in UPC
values.36 To indicate disease progression or adequate
treatment response, diﬀerences in UPC have to be
Fig 2. Bland–Altman plot to assess the level of agreement for uri-
nary protein : creatinine ratio (UPC) measurements between free
catch and cystocentesis urine samples (N = 71). Free catch, UPC
measurements on free catch urine; cytocentesis, UPC measure-
ments on cystocentesis urine.
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>80% at a UPC near 0.5.36 In the dogs with inconsistent
consecutive UPC categories, a variance of >80% was
only seen in 1 sample (switching from no proteinuria to
overt proteinuria). The other observed changes might be
just a consequence of daily UPC variation. The daily
UPC variation may also lead to incorrect classiﬁcation of
dogs in UPC categories, for example, classiﬁcation of a
borderline proteinuric dog as normal or vice versa. To
overcome the eﬀect of daily UPC variation, UPC deter-
mination on pooled urine samples can be considered.37
Within the group of persistent overt proteinuria, severity
of proteinuria remained similar at the consecutive sam-
ple. These ﬁndings suggest that a single UPC measure-
ment, in the absence of an active sediment, might be
adequate to advise the owners to investigate for an
underlying cause, follow up, and initiate treatment for
proteinuria, in agreement with recent guidelines.11,15
A signiﬁcant strong correlation was found for UPC
from free catch and cystocentesis urine samples. The
mean absolute diﬀerence in UPC values was low,
strengthening the hypothesis that both techniques give
a similar value in most dogs. However, the mean abso-
lute diﬀerence was may be low because the majority of
dogs did not have severe proteinuria. Possibly, with
higher UPC values, a larger mean absolute diﬀerence
could have been observed. These ﬁndings are consistent
with previous studies in 81 dogs and 43 cats, which
revealed that UPC may be reliably measured in free
catch urine samples.17,18 The largest absolute diﬀerences
occurred in dogs with overt proteinuria and were not
associated with a change in classiﬁcation across pro-
teinuria categories. In 13 of 71 cases, a diﬀerence (me-
dian 0.11, range 0.04–0.24) in UPC between both
techniques led to an altered classiﬁcation. Of these 13
cases, 9 showed an increase in UPC on the cystocente-
sis sample. Possibly, stress associated with the prior
health examination or performance of cystocentesis
could have caused this increase. Based on our data, this
might have led to a change in classiﬁcation in 12.7% (9
of 71) dogs. However, when examining the 13 cases
with diﬀerent classiﬁcation, all UPC values were close
to the decision threshold values between no proteinuria,
borderline proteinuria, and overt proteinuria. In agree-
ment with our ﬁndings, a previous study indicated that
UPC values close to the decision thresholds must be
interpreted cautiously as variation in UPC may result
in misclassiﬁcation.21 Based on the limited data, we
cannot conclude that stress has caused these changes.
Inﬂuence of setting of urine collection on UPC mea-
surement in dogs exists as signiﬁcantly higher UPC in
samples (both free catch and cystocentesis) obtained in
the hospital environment were found compared to
home samples.38 In the present study, several owners
collected urine just before entering the clinic instead of
in the home environment, so conclusions on inﬂuence
of environment on UPC cannot be drawn based on our
data. Overall, a signiﬁcant strong correlation was found
between UPC measured on free catch and cystocentesis
samples.
This study has some limitations. First, the small sam-
ple size makes it diﬃcult to draw conclusions on the
eﬀect of breed/size and BCS on UPC. Although collect-
ing free catch urine is often thought to be convenient
for the owner,17 this was not supported by our results.
At baseline, 29% (29 of 100) of owners failed to catch
urine. The majority of them tried, but did not succeed
because of a noncooperative dog. Development of prac-
tical and harmless urine collecting kits for dogs and cats
is a positive evolution that can facilitate and promote
the performance of urinalysis in small animal practice.
Second, no further diagnostics (thoracic radiographs,
abdominal ultrasonography, serology for vector borne
diseases, renal biopsies) were performed in dogs with
persistent overt renal proteinuria. This did not allow to
exclude underlying pathologies, often described in
human medicine.6 Third, no follow-up of blood pres-
sure measurement was performed. Therefore, stress-
related hypertension could not be excluded. Fourth, no
determination of microalbuminuria, considered a more
sensitive screenings tool, was performed.39 Microalbu-
minuria is a good indicator of early renal disease in
dogs, although it is not speciﬁc.15 Considering the only
limited evidence of clinical beneﬁt of measuring
microalbuminuria over UPC in dogs and cats and the
fact that the analysis is not widely commercially avail-
able, it was decided not to perform this analysis.15 Simi-
larly with microalbuminuria, previous studies have
addressed the usability of dipstick analysis to screen for
proteinuria.24,40 A combination of USG >1.012 and
only +1 or less protein on the dipstick analysis has a
good speciﬁcity for the absence of proteinuria, but only
a moderate sensitivity.40 Therefore, it can be concluded
that although dipstick analysis can be seen as a rapid,
easy, and cheap test for assessment of proteinuria, the
sensitivity is clearly a limitation. In addition, a positive
dipstick result needs to be followed by quantiﬁcation of
proteinuria to determine whether treatment might be
indicated for the patient. In our data, 3 dogs with a
negative dipstick test showed borderline (N = 2) or
overt (N = 1) proteinuria and 4 dogs with a USG
>1.012 and only +1 or less protein on dipstick analysis
did have borderline (N = 2) or overt (N = 2) protein-
uria. Considering that 16 of 64 dogs had borderline or
overt proteinuria at initial presentation, careful conclu-
sions on the usability of dipstick analysis as screenings
test for proteinuria should be made. This, combined
with the fact that UPC is among the most commonly
used methods to quantify and monitor proteinuria in
veterinary medicine, led to the decision to use UPC as
the screening tool for proteinuria in this study. Fifth,
no standardized containers were used for collection of
free catch urine samples. Protein binding to hydrophilic
surfaces is mainly believed to be important with very
low concentrations of albumin (microalbuminuria).38
Therefore, it seems unlikely to have signiﬁcantly
aﬀected our UPC measurements, although falsely
decreased UPC cannot be excluded.38 Sixth, urinalysis
could not be performed for all free catch samples within
60 minutes after collection. However, in such cases,
samples were stored at 4°C and analyzed within
12 hours (for the majority within 4 hours). A signiﬁcant
increase in UPC of dogs only occurs after 12 hours of
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storage at 4°C.21 Finally, the majority (69/71) of cysto-
centesis samples were collected within a time frame of
4 hours after collection of free catch urine samples. In 2
cases, a time frame of 4–12 hours was maintained. Uri-
nary protein : creatinine measurements from spot urine
samples have been shown to accurately reﬂect the quan-
tity of proteins excreted in the urine over a 24-hour
period.41 Furthermore, there is no signiﬁcant variability
in UPC over 8-hour collection periods.42 Therefore,
within-day variation of UPC can be considered mini-
mal, and the larger time frame in the latter 2 dogs unli-
kely aﬀected our results.
In conclusion, 25% of apparently healthy elderly
dogs had renal proteinuria at baseline on free catch
urine samples, of which 14 and 11% had borderline
proteinuria and overt proteinuria, respectively. Of the
dogs with repeated urine samples, 19% had a persis-
tently increased UPC with 8% having persistent overt
renal proteinuria. Our ﬁndings emphasize that measure-
ment of proteinuria should be part of routine health
screening of the elderly dog. The strong correlation
between UPC values of urine collected by free catch or
cystocentesis suggests that both collection methods can
be appropriate to assess UPC in veterinary practice, but
careful interpretation is warranted for values that are
close to the decision threshold.
Footnotes
a Willems A, Paepe D, Marynissen S, et al. Screening of appar-
ently healthy senior and geriatric dogs. J Vet Intern Med,
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Suarlee, Belgium
e iCHEM velocity stick, Beckman Coulter
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g SAS version 9.3, SAS Institute Inc., Cary, NC
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